The effects of environment on glass fiber reinforced polyester and vinylester composites immersed in liquids and in humid air were investigated. Tests were performed at temperatures 23 C and 93 C with the materials exposed to humid air at 50 and 100 percent relative humidities, and to five different liquids: saturated salt water, No. 2 diesel fuel, lubricating oil, antifreeze, and indolene. Changes in weight, ultimate tensile strength, tensile modulus, short beam shear strength, and shear modulus were measured over a six month period, and the effects of the environment on these parameters were assessed.
INTRODUCTION
HE MAJOR OBJECTIVES of this investigation were to determine the absorption Tcharacteristics of glass fiber reinforced polyester and vinylester composites immersed in different fluids, and to evaluate the changes in material strength due to the absorbed moisture. Three different types of materials were tested, these being designated as SMC-R25, SMC-R50, and VE SMC-R25. Brief descriptions of these materials are given in Tables 1 and 2. J. COMPOSITE MATERIALS, Vol. 14 (July 1980 The following parameters were measured during the tests: a) weight change, b) ultimate tensile strength, c) tensile modulus, d) short beam shear strength, and e) shear (flexural) modulus. The measurements were performed over a six month period with the materials immersed in humid air at 50 and 100 percent relative humidities, saturated salt water, No. 2 diesel fuel, lubricating oil, antifreeze, and gasoline (Indolene HO 0).
The experimental procedures are discussed in the next section. The tensile and shear properties of the materials were determined in the following manner. The specimens, described in Table 3 , were immersed in the appropriate environment for a predetermined length of time. The strength and the modulus were then measured at room temperature using an Instron. The cross head speed was 5 mm/min for the tensile tests and 1 mm/min for the shear tests.
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The tensile modulus was estimated from the load-deflection curve. The shear strength and the shear (flexure) modulus were measured by the three point short beam method. The arrangement described in the ANSI/ARTM-D2344-76 standard was used in these tests (Fig. 1) . The apparent shear strength and the shear modulus were calculated from the expressions [4, 5] : where T is the shear strength, E, is the shear (flexure) modulus, P is the breaking load, b and h are the width and thickness of the specimen, respectively, d is the deflection at the center point, and S is the span between the supports. 
RESULTS
Tests were performed with specimens immersed in humid air and in five different liquids at 23 C and 93 C. The test conditions are summarized in Table 4 Once the data deviated from the calculated values the absorption process was &dquo;non-Fickian.&dquo; One reason for this may be that moisture transfer through the resins did not proceed according to Fick's law. Such &dquo;non-Fickian&dquo; behavior has been observed in the past with rubbers and polymers [7] . Another plausible explanation of the observed non-Fickian absorption process is as follows. Owing to the moist, high temperature environment, microcracks developed on the surface and inside the material. Moisture rapidly entered the material, causing the increase in weight. As the cracks developed, material, most likely in the form of resin particles, was actually lost. In fact, such material loss was frequently observed after a few hours of exposure to the moist environment. As long as the moisture gain was greater 229 than the material loss, the weight of the specimen increased. Once the weight of the lost material exceeded the weight of the absorbed moisture, the weight of the specimen decreased. Of course, when material was lost, the measured weight change no longer corresponded to the moisture content of the material.
Non-Fickian absorption similar to that observed here was observed with graphite epoxy composites immersed in saturated steam at 150 C. the microcracks formed during these tests were readily apparent on photo-micrographs taken of the specimens [8] .
Weight changes of SMC-R25 have been measured previously [9] . Table 3 ). The specimen size did not significantly affect either the short beam shear strength or the shear modulus.
It is noted that for SMC-R25 and SMC-R50, the values given in Table 5 (Table 6 ). Photographs were taken of the failure surfaces using 57X and 570X magnifications ( Table 7) .Unlike metals (which usually fail along a surface normal to the load), the SMC materials tested here failed along a slanted surface as illustrated in Fig. 23 . Thus, the failure mechanism could not be discerned on the photographs. 
